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THERMAL EFFECTS IN TRACTION DRIVE ELEMENTS 
Edvin Haakon Kool 
Completed May 1979 
M. S .M .E . 
Committee: Ward 0. Winer, Chairman 
S. Ramalingam 
John T. Berry 
The traction between traction-drive elements is treated as an elasto-
hydrodynamic (EIS) contact effect. In these rolling contacts energy 
is transmitted from one body to another through the shearing of the 
lubricant film. As with most energy transport processes there are 
losses. These losses appear as heat, which creates a temperature rise 
and will influence the traction behavior of the fluid film. 
In order to make an experimental investigation of the temperature rise, 
an EHD contact simulator was built. By making one of the contact bodies 
out of sapphire, it is possible to observe the infrared radiation emitted 
by the opaque body. From this radiation, the surface temperature of the 
opaque body can be calculated. 
The radiation was observed by an infrared camera unit that automatically 
scanned the region of interest. 
Data was taken for rolling and sliding conditions in the Hertzian pressure 
range from 1.0 to 1.9 GPa and in the surface speed range from 0.5 to 1 m/sec. 
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la. ABSTRACTS (continued) 
ELASTOHYDRODYNAMIC INLET ZONE ANALYSIS FOR VISCOPLASTIC LUBRICANTS 
Burak Gecim 
	
Committee: Ward O. Winer, Chairman 
Completed April 1979 
	
Pratcen V. Desai 
M.S.M.E. 	 Melvin R. Corley 
The visco-plastic portion of the constitutive equation proposed by Winer 
and Bair [1] is coupled with the equations of motion, and the governing 
equations are obtained from the conservation of mass principle. Iso-
thermal, steady, incompressible conditions with negligible body and 
inertial forces are considered. 
The "Grubin Type" film thickness analysis is performed for, an EHD line 
contact configuration. The lubrication is assumed to be in the "fully-
flooded", "full-film" regime. 
The governing equations are solved for the pressure distribution in the 
inlet zone for a given set of operating conditions including the 
nominal film thickness h . 0 
The objective of this study is to determine the effect of lubricant limiting 
shear stress in the inlet zone on the nominal film thickness. 
There are two new concepts introduced to a classical "Grubin type" film 
thickness analysis; sliding speed and limiting shear stress. 
Based on the data available [2] the limiting shear stress can be expressed 
as a linear function of pressure, at a constant temperature. Since in an 
EHD contact, pressure increases by orders of magnitude, so does the limiting 
shear stress. 
Therefore, only under the severe operating conditions of extremely high 
sliding speeds or pressure gradients, does shear stress reach the limiting 
value. Under such circumstances a decrease of about 20 percent from Grubin's 
prediction of nominal film thickness is found. This decrement might be of 
importance if the film thickness is very small as a result of low viscosity, 
low rolling speed, or high load; then the rubbing of asperities will become 
much more likely. 
Although the confirmation of the. existence of a limiting shear stress is 
relatively new in the field of tribology, it is an intrinsic material property 
of the lubricants that have been used for many years. Therefore it is reason-
able to conclude that, under usual operating conditions, with conventional 
lubricants, no drastic changes or sudden collapse in film thickness is expected. 
Hence the small (<30 percent) reduction in film thickness predicted in this 
analysis is reasonable. 
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le. Technical Description of the Project and Results 
The actual grant funding (12 months at 45,000) was reduced from the 
original proposal request of (36 months at 5139,000) hence the results 
appear to be small compared to the effort described in the proposal. 
Nevertheless, significant progress was made toward the understanding 
of two aspects of the behavior of highly loaded contact lubrication. 
These are the thermal characteristics of the system and the shear 
rheology of the lubricant. 
The highly loaded contacts studied consist of a material subjected to 
rapid transient shear strain and pressure while passing between two 
high elastic modulus solid bodies. The energy dissipated per unit 
mass of material subjected to these conditions is large causing signifi-
cant temperature transients and, for some materials, molecular degrada-
tion. These extreme conditions are found in many lubrication mechanisms 
such as gears, cams, and rolling element bearings but are seldom found 
elsewhere. The behavior of the solid-liquid system is relevant to 
mechanical system performance limitation and energy conservation 
because of energy dissipation in these mechanisms. The research per-
formed on these systems consisted of the development of a continuous 
infrared radiation temperature mapping capability of the contact, and 
the further application of the limiting shear stress shear rheological 
constitutive model to the contact behavior. 
The infrared temperature measurement technique in highly loaded contacts 
was pioneered by this group under previous NSF and NASA grants. In that 
work the technique for making the measurements was developed to give high 
spatial and time resolution at a spot in the contact. The scanning of 
the entire contact was done by moving the detector and was slow and 
tedious. The existence of high temperatures was clearly shown and found 
to be important. In the present research, an infrared scanning system 
was adapted to automatically scan the infrared radiation from the contact 
and surrounding region at the rate of 25 frames per second. An infrared 
scanner was available through the Architecture Department at Georgia 
Institute of Technology which was modified to scan a small region (10 x 12 mm) 
of which the contact was about ten percent. The ability to continuously 
monitor the field has led to a better understanding of the thermal 
behavior with particular reference to the transients. The quantitative 
data obtained proved the feasibility of the method. It has made available 
a powerful tool for further thermal studies in tribology which we expect 
to conduct. The technique is currently being utilized to study the thermal 
response of a standard friction and wear measuring system. We expect to 
further utilize the system for tribology studies. 
The existence of a limiting shear stress and glass transition behavior 
of liquid lubricants under the high stress conditions of concentrated 
contact lubrication was confirmed through research in this laboratory 
under previous NSF and NASA grants. That work was extended under this grant. 
The extension consisted of study of the correlation between mechanical 
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le. Technical Description (Continuation) 
dilatometry and dielectric transitions under pressure, and their 
relationship with pressure viscosity and Brillouin light scattering 
transitions. It was found that if adequate account of process frequency 
is considered the dilatometry and dielectric transitions could be related 
for those materials with measurable dielectric properties. It was also 
shown that the pressure-temperature dependence of the transitions and 
viscosity were the same. A second effort along this direction was the 
application of the limiting shear stress shear Theological model to 
a Grubin-type elastohydrodynamic inlet analysis to predict film thickness. 
This analysis showed that for many fluids the limiting shear stress 
behavior has little effect on film thickness even though it frequently 
greatly influences the traction generated by shearing the material in 
the contact. The analysis has also shown that a very low limiting shear 
stress, which some fluids have, could explain the poor lubricating ability 
of these materials in highly stressed contacts. 
In both the area of thermal and rheological behavior of highly loaded 
contacts significant progress has been made on this grant. Also in both 
areas techniques and understanding have been developed which should 
permit rapid advances which will be readily applicable. 
